The goal of this study is to test the implication of Mankiv's (1987) optimal seigniorage theory suggesting that in the long run higher tax rates are associated with higher inflation rates and higher nominal interest rates for Turkish Economy using time series dataset for the time period 1980-2011.We examine the long run relationship between nominal interest rates, inflation and tax revenue. For this purpose, we estimate the Mankiw'soptimal seigniorage model for Turkish Economy with the cointegration and vector error correction methods (VECM) techniques. According to econometric result, in long run there is a causality relationship from inflation and tax revenue to nominal interest rates. However, in short run we could not find any evidence that support the causality from inflation and tax revenue to nominal interest rates.
Introduction
There are two sources for governments to raise their revenues: The first source is the direct taxation put on output, and the second source is seigniorage. Seigniorage is also known as printing new money and defined as the value of real resources acquired by the government through its power of sovereignty on its monopoly of printing money (Begg, Fischer and Dornbusch, 1994) . But, both sources of revenue cause deadweight social losses (Mankiw, 1987: 327-328) , moreover inflation also brings some other social costs, such as reducing purchasing power of consumers, shoe leather costs, menu costs, variability in relative prices, imperfect indexation in the tax code and inconvenience. These costs are not very high for the moderate inflation commonly seen in industrial or developed countries (Foote, 2010: 58) , but for developing countries, these costs can cause drastic social results.
We know that a developing country has fewer options to finance its increasing public sector deficits compared with developed countries. These countries can finance their deficits with three different ways: Borrowing from banking sector, both state-owned and commercial bank, including the central bank, from non-bank national alternatives and from the international financial markets.As the financial system, consisted of banking sector, non-bank financial institutions and the financial markets are poor and shallow in developing countries, the financing deficit by the way one is relatively limited. After liberalization of the financial markets by the 1980s, borrowing from the international financial markets has become the most common way of financing deficits for developing countries (Samimi et al., 2012: 82-83) . But when these countries lose their credibility as a result of debt crises, governments were forced to borrow from the central bank and commercial banking system. This requirement has forcedcentral banksto printmoney. For a developing country, domestic borrowing possibilities, to a great extent, may increase inflation. In this case it is a question whether the governmentscould collect maximum seigniorage revenue thanks to its monopoly on printing money (Korap, 2006: 5) .
On the other hand, inflation tax is also one of the drastic results of high inflation. Inflation tax is a term which refers to the reduction inthe real value of financial stocks in the hands ofthe peopledue to the effects of inflation. In other words, inflation tax has a welfare cost effect (Cooley and Hansen, 1989: 742) . The real financial loss can be expressed as loss of purchasing power of money holder. Seignoirage revenue creates inflation and this inflation cause financial losses. There should be positive correlation between printing money, namely seigniorage revenue, and inflation tax. According to optimal seignoraige theory, nominal interest rates and inflation are determined due to government'snecessity to finance its budget deficit. If marginal cost of the tax is increasing with income, then a positive relationship will occur between inflation and nominal interest rates and taxes (Aslan, 2003: 125) . The theory indicates that that nominal interest rates and inflation are individually random walks, but suggests that the nominal interest rates and inflation move together with tax rates.Mankiw tested this theory for the United States of America (USA) for the period 1952-1985, and provided some support for the theory (Mankiw, 1987: 327) .
Many economists including Bailey (1956) , Cagan (1956 ), Friedman (1971 , Phelps (1973 Phelps ( , 1972 , Klein and Neumann (1990) and Marty (1967) analyze seigniorage revenue as a source of income to the government. In this point there are two different approaches trying to explain the relationship between seignoraige, nominal interest rates and inflation (Gürbüz et al, 2009: 55-56) : The first approach belongs to monetarists. According to the monetarist theory an increase in the monetary base will increase monetary inflation. The rise in inflation reduces real money balances through a rising in the nominal interest rates. This affects the readjustment of cash between economic agents, and leads a rise in stocks and reduction of private consumption. According to the second approach developed by Phelps (1973) , seigniorage revenue is equal to the multiplication of nominal interest rates and real money balances. Then, Phelps suggests that the income obtained by government depends on private sector's nominal interest rate's losses.
In this paper we investigate the relationship between real seigniorage revenue and inflation tax for Turkish economy in a long time period 1980-2012. According to vector error correction (VECM) result of the study inflation and tax revenue has long run causality on interest rates. In long run inflation and tax revenue increases nominal interest rates positively and significantly. But in short run there is not causality between variables.
The outline of the paper is as follows. Section two gives a brief introduction on Turkish economy, inflation tax and seigniorage revenue, while section three introduces Mankiw's (1987) optimal seignoriage model. Section four estimates the empiric model and inference of econometric findings. The final section concludes the study.
Turkish Economy, Inflation Tax and Seigniorage Revenue
Turkish economy lived a chronic high inflationary problem between 1978 and 2002. During this time period Turkish economy has experienced two digits and sometimes three digits inflationary years as in 1982 and 1994. In Table 1 inflation experience and narrow (M1) and broad money (M2) growth rate of Turkish economyis listed. While Table 2 shows inflation experience of some selected developing countries with narrow money M1 growth rate. From table 1, it is seen that Turkish experience was neither hyperinflation of the two digits price increases in a monthly time period nor a moderate inflation of the single digit in an annual time period; however Turkish experienceconstituted a privileged position in the world economy (Korap, 2006: 2) . 2002 is the turning point in Turkish experience of inflation, because CBRT (Central Bank of the Republic of Turkey) changed its monetary policy strategy from exchange rate anchor and money targeting regimes to the explicitly inflation targeting regime. Namely, a tradeoff between intermediate targeting regimes was happened in 2002. After that a drastic decline in inflationary process of Turkish economy has seen, and annual inflation rate has begun to cycle between 5% and 10%. It is also clear that there is a parallel movement between M2 growth rate and inflation rate, while M1 is not correlated with inflation at the same time period table 1. We also make a chronological analysis between inflation (INF), inflation tax (INFTX) and seigniorage (SEIG) revenue of Turkish economy between 1981 and 2011, presented in Figure 1 . Definition of Inflation tax is obtained from Bailey (1956) , i.e. multiplying annual change in consumer price index (CPI) with the previous year's monetary base (∆ * 1 / , while seigniorage revenue is calculated following Klein and Neumann (1990) and is equal to the change in monetary base (∆ / . Both INFTX and SEIG is smoothed by gross national product (GNP), i.e. calculated as a share of GNP. The reference inflation used in this paper is the yearly change in CPI index. All the calculations based on the yearly data from 1981 to 2011, obtained from electronic data service of the Central Bank of the Republic of Turkey. It is seen in figure 1 that Inflation tax and seigniorage revenue fluctuate in the range of 1. 55 and 3.95 between 1981 and 1989 . Along the whole 1990s and 2000, except during and pre-1994 crisis, both inflation tax and the seigniorage revenue are sticky around 1-1.5 % GNP. Figure 1 also says that during high and volatile inflation periods, due to losses in real money balances, i.e. erosion of real demand for money, taxation base is reduced and thus high and fluctuating inflation does not necessarilyrequire for larger seigniorage revenue (Korap, 2006: 7; Rodrik, 1990: 12) . 
Mankiw's (1987) Optimal Seignoriage Model
Inflationist financing method of budget deficit is denoted by special terms: Inflation tax and seigniorage revenue (Aslan, 2003: 127) . Seigniorage is defined as real revenue rose from monopoly power of government on printing money and demonstrated with ∆ , rate of change in monetary base to the inflation (Klein and Neumann, 1990: 206) . On the other hand inflation tax is a result of inflation and indicates the real capital losses of money holder, and defined as multiplication of inflation rate andreal value of the (outside) quantity of Money: (Phelps, 1973; Bailey, 1956 ). Here we should also mention "growth seigniorage" which is the result of increasing demand for money in developing countries, having positive real growth rates (Dornbusch and Fischer, 1987: 647) .
Following Tobin (1956), Marty (1967) proposed to measure inflation tax with an alternative way by the rate of growth of money supply times real balances (Phelps, 1973: 68; Marty, 1967; 71) . In this case real seigniorage revenue is equal to the multiplication of sum of inflation and growth rate and real money balances: ( where g is real growth rate. In his "inflation policy book", Phelps (1972) equals inflation tax to the multiplication of nominal interest rates and real balances, ( where r is the real interest rate (Phelps, 1972) . This definition expresses that the income obtained by the government is then equivalent to the loss of the interest rate of the private sector (Gürbüz et al., 2009: 56) . In this sense, seigniorage is a type of interest-free credit, paid by private sector due to holding liquid balance, transferred to the government (Aslan, 2003: 127-128) .
The difference between seignorage and inflation tax is due to the changes in real money demand, arising from the result of changes inthe inflation rate, real income, and interest rates. This difference is usually known as a non-inflationary determinant of seignorage, depending on the increase inthe demand for money that isconsistent withzero inflation rates (Rodrik, 1990: 12) .
Given exogenous expenditure and an intertemporal budget constraint, when government expenditure is financed by monetary and fiscal policy, nominal interest rates and inflation move together with tax rates put on output over the time (Mankiw, 1987: 327) . According to Mankiw, if fiscal policy dominates monetary policy then government should imply monetary and fiscal policies, targeting minimize social costs depending on tax and seigniorage revenue.
Mankiw'sapproach can be summarizedas follows within the framework ofintertemporal analysis. The optimal intertemporal monetary and fiscal policy of a government should be examined under the following budget constraint in the present value (Mankiw, 1987: 328): (1)
Where G(t) = real expenditure at time t, T( t ) = real revenue at time t, B(t) = real government debt at time r, = real discount rate (assumed constant over time). Expenditure is taken to be exogenous, and future expenditure is a random variable. The government takes into consideration two different financing way financing budget deficits to minimize social losses: Tax on output and seigniorage. If level of output and tax rate on output is denoted by and respectively, then revenue collected by government is , and social losses caused bytaxes will be equal to f( )Y. Here, 0and 0. Suppose that M(t), P(t) and in order show exogenous money supply, price level at time t and a constant respectively, then demand for money can be expressed within quantity equation as follows: (2) Suppose that the inflation rate and the growth rate of output are shown by π and g in order. Then the real seigniorage revenue equals to:
.
Adding the sum of the receipts from direct taxation and seigniorage, we find a formulation for total government revenue as below:
Assume that indicates social cost of inflation, where h′>0 and h 0. Examples to the direct and indirect costs of inflation are menu cost and inefficient functioning of markets respectively. To overcome these costs, the government targets to minimize the expected present value of the social costs under the budget constraint:
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For this purpose, the government has two choices: Inflation rate 1 and tax rate . Mankiw then examines the first-order condition of the equation (5) for an optimum as below:
Under budget constraint the optimal monetary and fiscal policy satisfies these three equations.
The intertemporal first-order conditions (6) and (7) in order equates marginal social cost of taxation today and in the future, and the marginal social cost of inflation today and in the future. While, the static first-order condition (8) equates the marginal social costs of raising revenues through direct taxation and through seigniorage. According to first-order condition of equation (8), an increase in the government revenue requirement increases the use of both direct taxation and seigniorage. This usage leads a parallel movement between level of taxation, inflation and nominal interest rates (Mankiw, 1987: 329-331) . Mankiwtest his optimal seigniorage theory for USA for a long time period covering 1952-1985. Findings are in the direction that there is a positive relationship between nominal interest rates and level of direct taxation. He has also obtained a log-run relationship between inflation rate and level of direct taxation.
Empirical Analysis
In this part, optimal seigniorage theory is tested for Turkish Economy with yearly data between 1980-2012. The fundamental property of the optimal seigniorage theory is that inflation rate and nominal interest rates are determined by revenue requirement of the government. If we could collect reliable estimates for marginal social cost of inflation, marginal social cost of direct taxation and interest elasticity of money demand, then equation (8) could be estimated to find out relationship between level of direct taxation, inflation and nominal interest rates at any point in time. Because we do not know these social costs, we prefer linear approximation to equation (8) for Turkish economy, as Mankiw did for USA, with time series data (Mankiw, 1987: 332) .
The goal of this study is to test the implication of optimal seigniorage theory that in the long run higher tax rates are associated with higher inflation rates and higher nominal interest rates. Namely, acointegration relationship between nominal interest rates, inflation and taxes is examined. We will decide whether there is a long-run equilibrium path for these variables. If they move together there should be an equilibriumpoint which nominal interest rates, inflation and taxes are converging to.
Data used in this paper obtained from statistics of ministry of finance, data delivery system of the undersecretaries of treasury and Central Bank of the Republic of Turkey. Definitions and some basic descriptive statistics of the variables we employed in the model are presented in table 3 with in level and in first differences. The choice of variables used in the model is based on previous studies in the related empirical literature. Table 3 indicates that maximum volatility happens in INT and INF variables, corresponding in order to the inflation and compound interest rates during the time period considered. The mean of first differences given in table 3 are very near but not equal to zero. Hence, these findings could be accepted as the evidence of linear deterministic trend in levels of series (Güloğlu and Ivrendi, 2010) . In the next section, we will firstly investigate stationarity and level of integration of time series we employ in the model. The determination of the degree of integration of series and the choice of appropriate cointegration analysis I(1) or I(2) is important to make appropriate econometric analysis (Güloğlu and İvrendi, 2010: 9) . There are also some potential problems of using non-stationary data. Because non-stationary time series can cause www.ccsenet.org/ijef
International Journal of Economics and Finance Vol. 5, No. 6; 2013 spurious (non-sense) regression results, as noted by Granger and Newbold (1974) . Assume that we have a single equation as follow:
Where Y t~I (1) and X t~I (1). If unit root tests on residuals indicates that u t is stationary, then it is concluded thatsome linear combination of series Y t and X t is stationary, althoughY t and X t are individually non-stationary. In other words, linear combinations delete stochastic trend in series X t and Y t . In this case, established regression line is significant and X t and Y t is cointegrated. They move together in long run, and converge to an equilibrium path over the time (Engle and Granger, 1987: 251-276) .
Unit Root Tests
Augmented Dickey Fuller (ADF) and Kwiatkowski-Phillips-Schmidt-Shin (KPSS) unit root tests are employed to determine whether the variables are stationary. The unit root tests also turn out to be important in the determination of the degree of integration of series and the choice of appropriate cointegration analysis I(1) or I(2). ADF and KPSS unit root tests results for first differences of the series are presented in table 4 and table 5.
The tables suggest that all of the series are I (1). Also this result can be seen from the graphs of series in first difference illustrated in figure 1 to figure 3 . The graphical analysis of the differenced series indicatesthat the series are stationary with mean near zero. As a result, we use I(1) of the variables to determine the number of cointegration vector by using Johansen analysis.
Cointegration Analysis
In this part we are examining whether the variables are cointegrated with each other. We know from Engle Granger (1987) that statitonary time series could make a linear combination converging to a long run equilibrium point over time. If one or more linear combination of individually non-stationary series is stationary then these series may be cointegrated. This means that these series cannot move too far away from each other (Dickey, Jansen and Thorton, 1991:58 In order to determine the cointegration rank, we employ Johansen Test method. There are two test statistics for the number of cointegrating vectors: The trace and maximum eigenvalue statistics. In the trace test, the null hypothesis is that the number of cointegrating vectors is less than or equal to r, where r is 0, 1 or 2. In each case the alternative hypothesis is tested against general alternative. In the case of the maximum eigenvalue test, the null hypothesis r=0 is tested against the alternative that r=1, and null hypothesis r=1 is tested against the alternative r=2, etc. The critical values for these tests are obtained from Johansen and Juselius (1990) . Table 7 presents the results of Johansen Cointegration Test using the maximum eigenvalue and the trace tests. We cannot reject the hypothesis that r 2, while the hypothesis r=0 and r=1 can be rejected for the trace test indicating that there is one cointegrating vector.For the maximum eigenvalue test, the hypothesis r=0 is rejected in favor of the r=1. Hence, both trace and max-eigen statistics suggest that there exists a unique cointegration relation (r=1) among three variables. Consequently, these two tests indicate that inflation is cointegrated with taxes and nominal interest rates. Vol. 5, No. 6; 2013 Table 7 reports one cointegrating vector linking inflation, tax and nominal interest rates. But a cointegrating vector barely represents a long run relationship between endogenous variables. Because they are interpreted that there is one linear combination for which the variance is bounded (Dickey, Jansen and Thorton, 1991: 76) . Structural short and long-run relationships are indicated in VECM estimation. A VECM model with our variables is simply stated as follow:
Where; INT, INF and TAX are at the first differenced variables. is intercept, and are short run coefficient and 1 is the one period lag residual of below model: * * (11) 1 shows the adaptation rate to the long run equilibrium, and is also known as equilibrium error term of one period lag. ECT (-1) is an error correction term and leads variables INT, INF and TAX of the system to converge or to back to the long run equilibrium point. It corrects disequilibrium. Therefore, the sign of should be negative. The significant and negative coefficient shows what rate it corrects the previous period disequilibrium of the system. Hence, it means that there exists a long run equilibrium relationship among variables INT, TAX and INF stated in model 11.
VECM estimation result with two lagged is reported in Table 8 . The coefficient of error correction term (ECT (-1)) of the model 1 has been -0.31 meaning that system corrects its previous period disequilibrium at a speed of approximately 31 percent yearly. In other saying, almost 31% of deviation from long run equilibrium is smoothed in one year.Moreover the sign of ECT(-1) coefficient, significant and negative, as it is expected, indicates that there existed a long run causality from INF and TAX to INT. Error correction term of the model 2 and 3 is insignificant. This result indicates that in long run tax revenue and nominal interest rates cause inflation.
According to estimation result of cointegration equation (long-run relationship) on the top of table 8 there is a strong and significant long run relationship between nominal interest rates and inflation. It implies that an increase in inflation is associated with a 2.51 percentage increase in the nominal interest rates. Direction of the relationship is positive (In a cointegration model like the ax+by+cz=0, signs are reversed to find relationship). The relationship between direct taxation and nominal interest rate is also significant but the coefficient on TAX appears very large. It implies that an increase in government revenue of 1 percent of GNP is associated with a 42.61 percentage point increase in the nominal interest rate.
These results supports the optimal seigniorage theory suggesting that in the long run tax rates, inflation rates and nominal interest rates move together. Our findings are also in line with study of Mankiw (1987) on American Economy. However, these estimation results are not consistent with the empirical study of Aslan (2003) testing optimal seignoraige theory for Turkish economy. The linear trend variable is significant and negatively related to the inflation as it is predicted from unit root tests and figure 1 to 3.
To check short run causality we use Wald test. If the coefficient of D(INF(-1)), D(INF(-2)), D(TAX(-1)) and D(TAX(-2)) jointly influence the INT variable then we conclude that there is the short run causality from INF and TAX to INT. Our model also has no heteroscedasticity and serial correlation problems shown at Appendix.
Conclusion
In this study, we tested Mankiw's (1987) optimalseignioragetheory for Turkish economyusing yearly time series dataset for the period 1980-2011. This theory suggests that in the long run higher tax rates are associated with higher inflation rates and higher nominal interest rates.We use cointegration and vector error correction methods www.ccsenet.org/ijef
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Econometric results of the study supports the optimal seigniorage theory suggesting in the long run higher tax rates are associated with higher inflation rates and higher nominal interest rates in Turkey. There is only one long run causality from inflation and tax revenue to nominal interest rates. Moreover, 31% of any deviation from long run equilibrium is smoothed in one year or in three year deviations converges to equilibrium point. Model suggests that one percent increase in inflation and tax revenue per GNP is associated with 2.5 and 42.6 percent increase in the nominal interest rates respectively.
Our findings are in line with study of Mankiw (1987) on American economy. However, these estimation results are not consistent with the empirical study of Aslan (2003) testing optimal seignoraige theory for Turkish economy.
VEC model also suggest that there is no short run causality from inflation and tax revenue to nominal interest rates. 
Graphes of Variables in First Difference
Notes: 1 Here inflation is used in the sense of moneystock, but givenoutput, this is equivalenttochoosingthe rate of inflation (Mankiw, 1987: 330 
